ABSTRACT Specific DNA fragments of human cytomegalovirus strain Towne exhibited sequence homology to the transforming regions of herpes simplex virus type 2 (HSV-2) when examined by nitrocellulose filter hybridization under nonstringent conditions. Cloned Towne Xba I fragments B and C were homologous to both Bgl H transforming fragments N and C of HSV-2 DNA, whereas cloned Towne Xba I fragment E was uniquely homologous to HSV-2 Bgl II fragment C. Furthermore, Towne Xba I fragment E exhibited homology to a unique fragment of cytomegalovirus strain AD169 but lacked homology to the recently identified Xba I transforming (focus-forming) fragment N. Normal diploid Syrian hamster embryo cells transfected with cloned Towne Xba I fragment E displayed colonies of refractile, rapidly dividing cells which escaped senescence to form immortal cell lines. At early passages, these lines exhibited growth in 2% serum and formed small (<0.1 mm) colonies in 0.3% agarose. Serial passaging resulted in the appearance of large (>0.25 mm) colonies in agarose, indicating the involvement of more than one step in Towne Xba I fragment E-induced transformation of the diploid hamster embryo cells. NIH 3T3 cells transfected with Towne Xba I fragment E rapidly displayed large colonies in agarose and tumors in viva Specific DNA fragments capable of inducing focus formation and neoplastic transformation of cultured mammalian cells have been identified from the genomes of oncogenic DNA viruses (1-7). In the case of herpes simplex virus type 2 (HSV-2), Jariwalla et a! (4) used the continuous passage assay and found that Bgl II fragment C of HSV-2 DNA induced normal diploid Syrian hamster embryo (SHE) cells to escape senescence and to develop into tumorigenic cell lines. Recent studies (unpublished data) with cloned DNA fragments have indicated that Bgl II fragment C-induced neoplastic transformation of diploid cells is a progressive process involving an early immortalization step and further phenotypic changes towards tumorigenicity. Reyes et al (5), using an immortalized cell line (BALB 3T3) and the focus-formation assay, found that another segment of HSV-2 DNA, Bgl II fragment N, induced the formation of dense foci in one step. In another study (6), Bgl II fragment N was also reported to induce rapid transformation of immortal NIH 3T3 cells and Wistar rat embryo cells to enhanced anchorage-independent growth and tumorigenicity.
Specific DNA fragments capable of inducing focus formation and neoplastic transformation of cultured mammalian cells have been identified from the genomes of oncogenic DNA viruses (1) (2) (3) (4) (5) (6) (7) . In the case of herpes simplex virus type 2 (HSV-2), Jariwalla et a! (4) used the continuous passage assay and found that Bgl II fragment C of HSV-2 DNA induced normal diploid Syrian hamster embryo (SHE) cells to escape senescence and to develop into tumorigenic cell lines. Recent studies (unpublished data) with cloned DNA fragments have indicated that Bgl II fragment C-induced neoplastic transformation of diploid cells is a progressive process involving an early immortalization step and further phenotypic changes towards tumorigenicity. Reyes et al (5) , using an immortalized cell line (BALB 3T3) and the focus-formation assay, found that another segment of HSV-2 DNA, Bgl II fragment N, induced the formation of dense foci in one step. In another study (6) , Bgl II fragment N was also reported to induce rapid transformation of immortal NIH 3T3 cells and Wistar rat embryo cells to enhanced anchorage-independent growth and tumorigenicity.
Human cytomegalovirus (HCMV) resembles HSV-2 in its transforming potential because UV-irradiated preparations of both can induce neoplastic transformation of primary hamster embryo fibroblasts (8, 9) . Furthermore, using a transformation assay identical to that used for the identification of the Bgl II transforming fragment N of HSV-2, Nelson et al. (7) found one specific fragment from HCMV strain AD169 capable of inducing one-step focal transformation of NIH 3T3 cells. This transforming region was localized within the 2.9-kilobase Xba I/HindIII fragment NE mapping at 0.123-0.140 map unit on the genome of HCMV strain AD169.
In the present study we probed (10) the genome of HCMV strain Towne for DNA sequences specifically homologous to the HSV-2 DNA fragment (Bgl II fragment C) known to induce neoplastic transformation of diploid SHE cells. Our results identified a second distinct transforming region in HCMV DNA.
MATERIALS AND METHODS
Cells and Virus. Human embryo fibroblasts (Flow 5000) were grown in Eagle minimal essential medium (GIBCO) supplemented with 10% fetal bovine serum and garamycin at 25 kug/ ml (kindly supplied by Schering). SHE cells were grown in ERM medium with 10% fetal bovine serum (11) . HCMV strain Towne (provided by M. Stinski) was propagated in Flow 5000 cells, and the extraction of DNA from extracellular virions was as described by Ramirez et a. (12) .
Plasmids. Plasmid pACYC184 derivatives containing individual Xba I fragments of Towne HCMV were kindly provided by M. Stinski, and their construction and characterization have been reported (13) . Plasmid pBR322 derivatives containing Bgl II transforming fragments C and N of HSV-2 strain 333 were a gift from G. S. Hayward, and their construction has been described (14) . DNA (10) , dried, and exposed to x-ray film.
Transformation of Normal Diploid SHE Cells. Transforming activity of cloned Towne fragments in SHE cells was measured by the continuous passage assay described by Jariwalla et a. (11) . Briefly, plasmids containing Towne Xba I fragment E were cleaved with Xba I, heated at 650C for 10 min, coprecipitated with calcium phosphate, and applied to 1-day-old subconfluent monolayers of SHE cells (5 X 105 per 60-mm dish).
At confluency, the cells were trypsinized, seeded at a 1:3 split, and thereafter serially passaged (at confluency) at a 1:5 or 1:10 split. Cell lines that escaped senescence were assayed for phenotypic alterations as described (11) .
Transformation of NIH 3T3 Cells. Approximately 5 x 105 cells per 60-mm dish were transfected with virion-extracted Towne DNA and Xba I-cleaved plasmid DNA (Towne Xba I fragment E) as described above and monitored for focus formation (6) in 10% serum. Clonal lines derived from isolated foci were examined for phenotypic properties as described (11) . RESULTS Homology Between HCMV Towne DNA and Cloned HSV-2 Transforming Fragments. The genomes of HCMV and HSV- To determine the specific fragment(s) within the comigrating bands homologous to Bgl II fragment C, pACYC184 clones containing individual Towne fragments were cleaved with Xba I, transferred to nitrocellulose filters, and hybridized to 32P-labeled Bgl II fragment C (Fig. 2) . At tm -470C, which represents base mismatch of 33.5% or less, only Towne Xba I frag-
'F To determine further the nature of the homology of Towne Xba I fragment E to the reported transforming (focus-forming) Xba I fragment N of HCMV strain AD169, 32P-labeled Towne Xba I fragment E was hybridized to nitrocellulose filters containing electrophoresed Xba I fragments of AD169 DNA. Towne Xba I fragment E exhibited homology exclusively to AD169 Xba I fragment C (Fig. 3) . Towne Xba I fragment E did not hybridize to the AD169 focus-forming Xba I fragment N. Towne Focal Transformation of NIH 3T3 Cells by Cloned Towne Xba I Fragment E. To confirm that Towne Xba I fragment E can induce enhanced anchorage-independent growth, we examined its ability to transform the established NIH 3T3 cell line in the one-step focus-formation assay. Plasmids containing Towne Xba I fragment E were linearized with Xba I, coprecipitated with calcium phosphate, and applied to subconfluent NIH 3T3 monolayers. Towne Xba I fragment E induced formation of dense foci at a frequency of transformation estimated to be 0. 6-1.75 X i0-5 (Table 2) .
Individual foci were picked and seeded at low cell density to obtain isolated clones. Two clonal derivatives (NX-7, NX-8) were examined for phenotypic alterations. At early passages, both NX-7 and NX-8 exhibited increased CE in 2% serum (16% CE) and formed large colonies (>0.25 mm) in 0.3% agarose and agar CTable 3). Tumorigenicity of NX-7 and NX-8 at post-isolation 
DISCUSSION
Human herpesviruses HCMV and HSV-2 exhibit similarities in their cell-transforming capacity. Only a portion of their genome is required for transformation because UV-irradiated virions retain transforming activity (8, 9) . Investigations into the transforming activities of single isolated fragments from a total Bgl II digest of HSV-2 DNA led to identification of Bgl II fragment N by the one-step focus assay (5, 6) and of Bgl II fragment C by the continuous passage assay (4) . Recently, Nelson et al. (7), using the focus assay, identified a 2.7-kilobase Xba I/HindIII fragment NE (0.123-0.140 map unit) from the genome of HCMV strain AD169 capable of inducing, in one step, the formation of dense foci in liquid medium and large colonies in methocel. In the current study we demonstrate the presence, in HCMV DNA, of a distinct region capable of inducing full neoplastic transformation of normal diploid SHE cells in the continuous passage assay. The strategy and hybridization procedure used to detect the transforming fragment and the nature of the transformation process induced by this specific HCMV fragment merit discussion.
Nitrocellulose filter hybridization in a range of formamide concentrations has been used successfully to detect partially homologous DNA sequences between distantly related papillomaviruses (10) . Furthermore, this method was used to detect partially homologous DNA sequences between avian and human adenoviruses (20) . Therefore, we used this technique to determine whether HCMV DNA contained a specific region related to the HSV-2 Bgl II transforming fragment C previously shown to induce neoplastic transformation of normal diploid cells in the continuous passage assay (4) . At tm -46TC, corresponding to 33% base mismatch, cloned Towne Xba I fragments B and C exhibited homology to Bgl II transforming fragments C and N of HSV-2. However, under identical conditions, cloned Towne Xba I fragment E displayed homology only to MHSV-2 Bgl II fragment C..These specific hybridizations were consistently reproducible, thus ruling out the nonspecific binding of probe to G+C-rich or high molecular weight DNA fragments (see below).
Towne Xba I fragment E also exhibited another hybridization characteristic of HSV-2 Bgl II fragment C: it showed homology only to, Xba I fragment C of AD169 DNA and lacked homology to AD169 Xba I fragment N recently shown (7) to induce one-step-focal transformation (Fig. 3) DNA sequence homologies under stringent conditions were previously used to identify transforming fragments from two closely related HSV-2 strains, 333 and S-1 (4). The results presented in this study show that nitrocellulose filter hybridization under nonstringent conditions can be used to identify partially homologous DNA sequences exhibiting a similar type of transfiorming activity from two distinct human herpesviruses, HCMV and HSV-2. Such methods would be useful in exploring the dispersion of sequences related to HSV-2 Bgl II fragment C and Towne Xba I fragment E among other members of the herpesvirus group. The present study allows us to conclude that the genome of HCMV, like that of HSV-2, contains a unique class of DNA sequences capable of inducing progressive neoplastic. transformation of normal diploid cells. These data together with the observation by Nelson et al (7) indicate the presence of two distinct transforming regions in the genome of HCMV.
